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Introduction 
This Technical Memorandum (TM) describes the approach for calculating upper tolerance 
limit (UTL) background values in soil and groundwater at Naval Weapons Station 
(WPNSTA) Yorktown, Yorktown, Virginia and WPNSTA Yorktown Cheatham Annex 
(CAX), Williamsburg, Virginia. The calculated UTLs establish representative background 
concentrations for soil and groundwater inorganics, which can be compared to site-specific 
data at a particular environmental site to determine if concentrations are attributable to 
releases from these sites or consistent with background levels.  

This TM was prepared under the United States Navy Comprehensive Long-term 
Environmental Action (CLEAN) Contract N62470-02-D-3052, for submittal to the Naval 
Facilities Engineering Command (NAVFAC) Mid-Atlantic Division, United States 
Environmental Protection Agency (USEPA) Region 3, and the Virginia Department of 
Environmental Quality (VDEQ). The Navy, USEPA, and VDEQ work jointly as the 
WPNSTA Yorktown and CAX Tier I Partnering Teams.  

Existing soil and groundwater background data for WPNSTA Yorktown are documented in 
the Final Summary of Background Constituent Concentrations and Characterization of Biotic 
Community from the York River Drainage Basin, Naval Weapons Station Yorktown, Yorktown 
Virginia (Baker, 1995) and for CAX in the Final Background Investigation Naval Weapons Station 
Yorktown, Yorktown, Virginia, Cheatham Annex Site, Williamsburg, Virginia (Baker, 2003). These 
reports document calculation of a 95 percent upper confidence limit (UCL) of the mean 
using the individual WPNSTA Yorktown and CAX data sets. These UCLs have been 
conservatively used for previous Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) release/risk management assessments and remedial actions.  

In July 2009, USEPA and VDEQ approved the Final Background Study Work Plan, Naval 
Weapons Station Yorktown, Yorktown, Virginia and Cheatham Annex, Williamsburg, Virginia 
(CH2M HILL, 2009) to revise the representative background values in soil and 
groundwater. The objective of the background study was not to re-evaluate or re-visit past 
use of background data but rather to supplement existing data and establish a more 
comprehensive and representative background data set for future application to CERCLA 
investigations and remedial actions based on the following: 
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• The 95 percent UCL of the mean provides a conservative estimate of the mean and is 
used in determining whether the mean of a population exceeds a constant threshold. As 
such, it provides a statistic about the the center tendency of a given population and does 
not address individual concentrations or provide an estimate of the upper tail of the 
distribution. 

• A UTL is a more appropriate background threshold value because it represents a UCL of 
an upper percentile, specifically for this evaluation, the 95 percent UCL of the 95th 
percentile. Individual values consistent with the site population will only rarely exceed 
the UTL. The relationship between the UTL and the UCL of the mean is visually 
displayed in Insert 1 for a hypothetical normal distribution. The exact relationship of 
these statistics will depend on the distribution and variability of the data, how well the 
background sample data represents the true parent population, and the number of 
background samples, but the UCL of the mean always provides a central tendency 
estimate whereas the UTL always provides an upper tail estimate. 

• The greatest possible sample size, and therefore more comprehensive background data 
set, can be realized by combining existing background data from WPNSTA Yorktown 
and CAX facilities that share a common geographic boundary and the same 
physiographic, hydrogeologic, and soil association characteristics, which is further 
demonstrated by the fact that much of the background data collected as part of the CAX 
study are from samples collected on WPNSTA Yorktown. 

• Insufficient background groundwater data existed for the Yorktown-Eastover aquifer 
relevant to future CERCLA groundwater investigations. More current background data 
from existing and new monitoring wells for this transient media were preferred. 

 

INSERT 1 
Example Positions of UCL of the Mean and 95/95 UTL (For a Normal Distribution) 
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The Background Study Work Plan (CH2M HILL, 2009) included a proposed approach for 
calculating the soil and groundwater UTL background values. However, since statistical 
approaches are dependent upon the distribution of the data and does not account for other 
natural variations, the Navy and USEPA agreed to review the data and come to an 
agreement on the best statistical approach. This TM describes the agreed upon approach. 

Soil Background Evaluation 
Summary of Data 
A summary of surface and subsurface soil background data and the applicable soil 
association is provided in Table 1. Figures from the background investigations showing 
these sample locations are provided in Appendix A. As part of the previous WPNSTA 
Yorktown background investigation, a total of 40 surface soil and 14 subsurface soil samples 
were collected from the five soil associations. The surface soil samples were collected from 0 
to 6 inches below ground surface (bgs) and the subsurface soil samples were collected at 
varying depths (1 to 33 feet bgs). As part of the previous CAX background investigation, a 
total of 40 surface soil and 40 subsurface soil samples were collected from Soil Associations 
1 through 4 (Soil Association 5 does not exist at CAX). The surface soil samples were 
collected from 0 to 6 inches bgs and the subsurface soil samples were collected from 6 to 24 
inches bgs. 

The data from Soil Association 5 at WPNSTA Yorktown was excluded from the combined 
background data set because this soil association comprises a relatively small portion of the 
Base. Because subsurface soils were collected at varying depths (down to 33 feet bgs) during 
the previous WPNSTA Yorktown background investigation, only two subsurface samples 
collected from WPNSTA Yorktown at the 1–3 foot bgs interval were retained for inclusion in 
the combined background data set to be consistent with the 40 subsurface samples collected 
from 6 to 24 inches bgs as part of the previous CAX background investigation. In addition, 
samples collected as part of the WPNSTA Yorktown background investigation along former 
railroad tracks were also excluded from the combined data set as they are considered overly 
biased of potential non-point anthropogenic sources.  

The WPNSTA Yorktown and CAX background data were combined for this evaluation. 
Duplicate results were reconciled to a single value in the same manner that site data is to be 
treated, that is, choosing the maximum detect or the lower of two detection limits (when 
both duplicates were nondetect). To determine which soil association groups should be 
combined when calculating background summary statistics, analysis of variance (ANOVA) 
and box and whisker plots were used to establish whether significant differences exist 
among soil associations. The conclusions from this evaluation were to calculate separate 
inorganic statistics for Soil Association 1 and Soil Association 2 and combined inorganic 
statistics for Soil Associations 3 and 4. However, because concentrations in the four soil 
associations are comparable, the WPNSTA Yorktown and CAX Partnering Teams agreed to 
combine all soil associations when calculating the UTL background values. Subsequent 
ANOVA for soil depth (surface and subsurface) was performed to determine whether to 
combine the depths or treat them separately for each constituent and soil association 
partition. Initially, when less than 50 percent detects existed for a given constituent, the soil 
associations and depths were combined since there was insufficient data to indicate that 
separate partitions were necessary. However, due to significant differences in inorganic 
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contaminant concentrations of surface and subsurface soils, the WPNSTA Yorktown and 
CAX Partnering Teams agreed to compute separate inorganic surface and subsurface soil 
UTLs.  

The WPNSTA Yorktown and CAX Partnering Teams agreed to not calculate background 
UTL values for organic constituents since a high degree of variability may exist with the 
large number of detects. 

Statistical Analysis of Inorganic Compunds 
Evaluation of Outliers 
Soil outliers were evaluated with Dixon’s and Rosner’s outlier tests. Dixon’s test was used 
when the number of samples was less than 25 and Rosner’s test was used when the number 
of samples was 25 or more. Outlier evaluations were performed on the partitions 
determined to serve as separate populations via the ANOVA and graphical evaluation. 
Thus, each partition identified for separate calculation of summary statistics was provided a 
separate outlier evaluation (CH2M HILL, 2009). A list of soil mathematical outliers is 
provided in Table 2. The data included in the evaluation of outliers are plotted as normal 
probability plots in Figure 1. An “X” symbol is used for the mathematical outliers. Normal 
probability plots graph actual concentrations against theoretical quantiles if the true 
distribution of the data were normal. Thus, if the data set has strong adherence to a normal 
distribution, the plot resembles a straight line (with limited curvature).  

An inspection of the plots in Figure 1 reveals that many of the constituents contain data that 
are positively skewed as indicated by upward curvature. This is true even for the portion of 
the curve below suspected outliers. Both Dixon’s and Rosner’s test assume that the data 
values (aside from those being tested as potential outliers) are normally distributed. When 
upward curvature is present, as is the case for many constituents, the data are positively 
skewed which leads to more elevated results being identified as mathematical outliers than 
if an appropriate transformation of the data could be determined (USEPA, 2006) to render 
the data more normally distributed. This project chose to ignore this effect and exclude all 
the calculated mathematical outliers from the recommended background data set. Since the 
samples were believed to be obtained in appropriate background locations, this is 
considered an additional conservative step inthe calculation of background statistics. 

Note that a higher percentage of nondetects creates increasing problems with the 
application of both Dixon’s and Rosner’s test. Due to this, constituents with a percentage of 
detects less than 10 percent were not evaluated by the mathematical outlier tests (but are 
included in Figure 1). A visual review of cases where less than 10 percent of results were 
detected did not reveal elevated results requiring exclusion from the background data set.  

Background Threshold Value Calculations 
The background threshold values were calculated as 95 percent/95 percent background 
UTLs; that is, upper bounds (with 95 percent confidence) of the background 95th 
percentiles. The UTL background values were calculated from the recommended 
background data set (values excluding mathematical outliers) following the algorithms and 
recommendations from ProUCL (USEPA, 2009). This included determining the 
distributional assumption that appeared most appropriate, or using a nonparametric 
(distribution free) approach when evidence for a particular distribution was not available.  
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The distribution possibilities included the normal, lognormal, and gamma distributions. The 
gamma distribution UTL algorithms were added to ProUCL in 2009. The normal 
approximation to the gamma distribution (proposed by Hawkins-Wixley) was used to 
calculate UTLs when the gamma distribution was determined to be an appropriate 
assumption.  

As long as at least 60 percent of the results were detected, the distributions appearing most 
appropriate via ProUCL’s distributional checks were used to calculate the UTL. For such 
cases, when data included some nondetects the ProUCL algorithms sought to apply 
maximum-likelihood-estimate (MLE) or regression on order statistics (ROS) techniques to 
estimate the mean and standard deviation parameters used in the calculation of the UTLs. 
When a UTL estimated using MLE or ROS techniques was possible within ProUCL’s 
algorithms, that approach was preferred over one using alternate proxy values (e.g., 
detection limit divided by 2).  

When all results were detected, but no discernable distribution was available, a 
nonparametric UTL, based on ranks of the data, was chosen. Another nonparametric 
approach provided in ProUCL is the Kaplan-Meier (KM) method. As applied in ProUCL, 
this approach estimates the mean and standard deviation for left-censored data sets (those 
with nondetects). When at least four detects were available the KM method was applied 
both to cases when fewer than 60 percent of the results were detected and when the percent 
detects was greater than 60 percent (but less than 100 percent) and no discernable 
distribution was available. When fewer than four detects were available (i.e., antimony, 
cadmium, and silver in surface soil and beryllium, cyanide, mercury, selenium, and silver in 
subsurface soil), no UTL background value was calculated.  

Calculated UTL Background Values for Inorganics 
Upon agreement of the statistical analysis approach outlined above, final surface and 
subsurface soil background concentrations (as well as final groundwater background 
concentrations) will be presented in a Background Study Report, to be submitted under 
separate cover from this TM. However the preliminary soil UTL background vaules are 
presented in Table 3 for constituents detected in background samples. For cases with fewer 
than four detects, no calculated UTL background value is provided. Other summary 
statistics are also included in Table 3 including the mean and standard deviation of detected 
results, minimums and maximums of detected values, and frequency of detection. 

Groundwater Background Evaluation 
Summary of Data 
Existing background groundwater data for the Cornwallis Cave and Yorktown-Eastover 
aquifers were available from both WPNSTA Yorktown and CAX previous background 
studies. However, this data set provided only six samples from the Yorktown-Eastover 
aquifer, which was insufficient to calculate UTL background values. In addition, the 
chemical concentrations in groundwater are dynamic with fluctuations in concentrations 
that may result from attenuation of constituents, changes in water level evelvations, and/or 
groundwater parameters (e.g., pH). Therefore, as approved by the USEPA and VDEQ, a 
more current data set for evaluation of background groundwater quality was collected in 
2009. 
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A summary of groundwater background data is provided in Table 4. Figures depicting the 
monitoring well sampling locations are provided in Appendix B. A total of 15 groundwater 
samples were collected from the Cornwallis Cave aquifer and a total of 13 groundwater 
samples were collected from the Yorktown-Eastover aquifer.  

Groundwater samples were analyzed for organics [volatile organic compounds (VOCs), 
semi-volatile organic compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs), 
and explosives], and inorganics. The WPNSTA Yorktown and CAX Partnering Teams 
agreed to calculate background UTL values for the inorganic constituents, but not the 
organic concentrations since a high degree of variability may exist with the large number of 
detects. 

Statistical Analysis of Inorganic Compounds 
Evaluation of Outliers 
Groundwater outliers were evaluated with Rosner’s outlier test. This test can be used when 
the number of samples is 25 or more, which was the case for each of the groundwater 
constituents. A list of groundwater mathematical outliers is provided in Table 5. The data 
included in the evaluation of outliers are plotted as normal probability plots in Figure 2. An 
“X” symbol is used for the mathematical outliers. Normal probability plots graph actual 
concentrations against theoretical quantiles if the true distribution of the data were normal. 
Thus, if the data set has strong adherence to a normal distribution, the plot resembles a 
straight line (with limited curvature).  

An inspection of the plots in Figure 2 reveals that many of the constituents contain data that 
is positively skewed as indicated by upward curvature. This is true even for the portion of 
the curve below suspected outliers. Rosner’s test assumes that the data values (aside from 
those being tested as potential outliers) are normally distributed. When upward curvature is 
present, as is the case for many constituents, the data are positively skewed which leads to 
more elevated results being identified as mathematical outliers than if an appropriate 
transformation of the data could be determined (USEPA, 2006) to render the data more 
normally distributed. This project chose to ignore this effect and exclude all the calculated 
mathematical outliers from the recommended background data set. Since the samples were 
obtained in appropriate background locations, this is considered an additional conservative 
step in the calculations of background statistics. 

Note that a higher percentage of nondetects creates increasing problems with the 
application of Rosner’s test. Due to this, constituents with a percentage of detects less than 
10 percent were not evaluated by Rosner’s test (but are included in Figure 2). A visual 
review of cases where less than 10 percent of results were detected did not reveal elevated 
results requiring exclusion from the background data set.  

Background Threshold Value Calculations 
The background threshold values were calculated as 95 percent/95 percent background 
UTLs; that is, upper bounds (with 95 percent confidence) of the background 95th 
percentiles. The UTL background values were calculated from the recommended 
background data set (values excluding mathematical outliers) following the algorithms and 
recommendations from ProUCL (USEPA, 2009). This included determining the 
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distributional assumption that appeared most appropriate, or using a nonparametric 
(distribution free) approach when evidence for a particular distribution was not available.  

The distribution possibilities included the normal, lognormal, and gamma distributions. The 
gamma distribution UTL algorithms were added to ProUCL in 2009. The normal 
approximation to the gamma distribution (proposed by Hawkins-Wixley) was used to 
calculate UTLs when the gamma distribution was determined to be an appropriate 
assumption.  

As long as at least 60 percent of the results were detected, the distributions appearing most 
appropriate via ProUCL’s distributional checks were used to calculate the UTL. For such 
cases, when data included some nondetects, the ProUCL algorithms sought to apply MLE or 
ROS techniques to estimate the mean and standard deviation parameters used in the 
calculation of the UTLs. When a UTL estimated using MLE or ROS techniques was possible 
within ProUCL’s algorithms, that approach was preferred over one using alternate proxy 
values (e.g., detection limit divided by 2).  

When all results were detected, but no discernable distribution was available, a 
nonparametric UTL, based on ranks of the data, was chosen. Another nonparametric 
approach provided in ProUCL is the KM method. As applied in ProUCL, this approach 
estimates the mean and standard deviation for left-censored data sets (those with 
nondetects). When at least four detects were available the KM method was applied both to 
cases when fewer than 60 percent of the results were detected and when the percent detects 
was greater than 60 percent (but less than 100 percent) and no discernable distribution was 
available. When fewer than four detects were available (i.e., dissolved aluminum, antimony, 
cobalt, copper, lead, mercury, nickel, selenium, and vanadium and total antimony, copper, 
lead, and mercury in the combined data sets from the Corwallis Cave and Yorktown-
Eastover aquifers), no UTL was calculated. 

Calculated UTL Background Values for Inorganics 
Upon agreement of the statistical analysis approach outlined above, final groundwater 
background concentrations (as well as final surface and subsurface soil background 
concentrations) will be presented in a Background Study Report, to be submitted under 
separate cover from this TM. However the preliminary groundwater UTL background 
values are presented in Table 6 for constituents detected in background samples. For cases 
with fewer than four detects, no calculated UTL background value is provided. Other 
summary statistics are also included in Table 6 including the mean and standard deviation 
of detected results, minimums and maximums of detected values, and frequency of 
detection. 
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Table 1
Summary of Background Soil Data Set

Soil Association Number of Samples Analysis
Surface Soils (0-6") 

#1 Bohicket, Johnston, Axis 5
#2 Dogue, Pamunkey, Uchee 10
#3 Emporia, Kempsville, Craven-Uchee Complex 10
#4 Slagle, Emporia, Emporia Complex 11

Subsurface Soil Samples (1-3')
#2 Dogue, Pamunkey, Uchee 1
#3 Emporia, Kempsville, Craven-Uchee Complex 1

Soil Association Number of Samples Analysis
CAX Surface Soils (0-6")

#1 Bohicket, Johnston, Axis 10
#2 Dogue, Pamunkey, Uchee 10
#3 Emporia, Slagle, Craven-Uchee 10
#4 Kempsville, Emporia, Craven-Unchee Complex, Emporia Complex 10

CAX Subsurface Soil Samples (6-24")
#1 Bohicket, Johnston, Axis 10
#2 Dogue, Pamunkey, Uchee 10
#3 Emporia, Slagle, Craven-Uchee 10
#4 Kempsville, Emporia, Craven-Unchee Complex, Emporia Complex 10

Number of Samples Analysis

Railroad Background Samples (0-6", Collected proximal to Main Road) 12

VOCs, SVOCs, 
pest/PCBs, 
explosives, inorganics

Soil Assocation
Surface Soils

#5 Slagle, Bethera, Craven-Uchee 4 Inorganics
Subsurface Soil Samples (collected at varying depths 3-33')

#1 Bohicket, Johnston, Axis 3
#2 Dogue, Pamunkey, Uchee 2
#3 Emporia, Kempsville, Craven-Uchee Complex 1
#4 Slagle, Emporia, Emporia Complex 3
#5 Slagle, Bethera, Craven-Uchee 3

inorganics

WPNSTA Yorktown

Summary of Samples Included in the Soil Background Data Set

Summary of Samples Excluded from the Soil Background Data Set

SVOCs, 
pesticides/PCBs, 
inorganics, TOC

WPNSTA Yorktown

CAX
Inorganics

inorganics

SVOCs, 
pesticides/PCBs, 

inorganics
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Table 2:  Calculated Soil Outliers (Assuming Normal Distribution)

Sample ID  Depth  Parameter  Units  Qualifier  Result
BG1-SB03-01  SB  Aluminum  mg/kg    18400
BG1-SB03-01  SB  Arsenic  mg/kg    10.4
BG1-SB09-01  SB  Arsenic  mg/kg    12.5

BG2-SB01-01D  SB  Arsenic  mg/kg    15.9
BG4-SB01-01  SB  Arsenic  mg/kg    18.6
BG4-SB10-01  SB  Arsenic  mg/kg    13.8
BG1-SB06-01  SB  Calcium  mg/kg    32200
BG2-SB06-01  SB  Calcium  mg/kg    162000
BG1-SB03-01  SB  Chromium  mg/kg    37.5
BG2-SB05-01  SB  Cobalt  mg/kg  J 7.3
BG3-SB09-01  SB  Cobalt  mg/kg  J 8.1
BG4-SB09-01  SB  Cobalt  mg/kg  J 7
BG1-SB03-01  SB  Copper  mg/kg  J 9.6
BG1-SB09-01  SB  Copper  mg/kg  J 9
BG2-SB06-01  SB  Copper  mg/kg  J 5
BG1-SB03-01  SB  Lead  mg/kg    23.3
BG1-SB08-01  SB  Lead  mg/kg    83.7
BG1-SB09-01  SB  Lead  mg/kg    35.3
BGSB05-01  SB  Lead  mg/kg  J 13.7

BG1-SB03-01  SB  Magnesium  mg/kg    4630
BG1-SB04-01  SB  Magnesium  mg/kg    1810
BG1-SB09-01  SB  Magnesium  mg/kg    3340
BG2-SB02-01  SB  Magnesium  mg/kg    1420
BG2-SB06-01  SB  Magnesium  mg/kg    3340
BG3-SB09-01  SB  Manganese  mg/kg    208

BG4-SB01-01D  SB  Manganese  mg/kg    195
BGSB04-01D  SB  Manganese  mg/kg  J 254
BG1-SB03-01  SB  Potassium  mg/kg    4240
BG1-SB04-01  SB  Potassium  mg/kg  J 2370
BG1-SB06-01  SB  Potassium  mg/kg  J 1970
BG1-SB09-01  SB  Potassium  mg/kg    2790
BG2-SB06-01  SB  Potassium  mg/kg    2100
BG1-SB01-01  SB  Selenium  mg/kg  B 0.8
BG1-SB04-01  SB  Selenium  mg/kg  B 0.9
BG1-SB05-01  SB  Selenium  mg/kg  L 1.9

BG2-SB01-01D  SB  Selenium  mg/kg  J 1.2
BG2-SB08-01  SB  Selenium  mg/kg  J 0.87
BG1-SB03-01  SB  Sodium  mg/kg    9810
BG1-SB06-01  SB  Sodium  mg/kg    2560
BG1-SB08-01  SB  Sodium  mg/kg    1700
BG1-SB09-01  SB  Sodium  mg/kg    10400
BG1-SB10-01  SB  Sodium  mg/kg    2360
BG1-SB03-01  SB  Vanadium  mg/kg    53.8
BG1-SB03-01  SB  Zinc  mg/kg    52.9
BG1-SB09-01  SB  Zinc  mg/kg    34.3

BG2-SB01-01D  SB  Zinc  mg/kg    29.5
BG2-SB06-01  SB  Zinc  mg/kg    30.8
BG4-SB01-01  SB  Zinc  mg/kg    32
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Table 2:  Calculated Soil Outliers (Assuming Normal Distribution)

Sample ID  Depth  Parameter  Units  Qualifier  Result
BG1-SS03-00  SS  Aluminum  mg/kg    16500

BGS21  SS  Aluminum  mg/kg    15600
BGS28  SS  Aluminum  mg/kg    19200

BG1-SS03-00  SS  Arsenic  mg/kg    9.9
BG1-SS06-00  SS  Arsenic  mg/kg    8.3

BG4-SS01-00D  SS  Arsenic  mg/kg    11.7
BGS21  SS  Arsenic  mg/kg    63.9

BGS20D  SS  Barium  mg/kg    75.7
BGS28  SS  Barium  mg/kg    80.2
BGS38  SS  Barium  mg/kg    76.3

BG1-SS03-00  SS  Beryllium  mg/kg  J 1.1
BGS38  SS  Beryllium  mg/kg  J 0.93

BG1-SS04-00  SS  Calcium  mg/kg    2950
BG1-SS05-00D  SS  Calcium  mg/kg    3500
BG1-SS06-00  SS  Calcium  mg/kg    33500
BG2-SS06-00  SS  Calcium  mg/kg    3320

BGS04  SS  Calcium  mg/kg    7820
BG1-SS03-00  SS  Chromium  mg/kg    43.2
BG1-SS09-00  SS  Chromium  mg/kg    26.8
BG1-SS03-00  SS  Copper  mg/kg    22.1
BG1-SS06-00  SS  Copper  mg/kg  J 8.8
BG1-SS09-00  SS  Copper  mg/kg  J 9.8

BGS04  SS  Copper  mg/kg    24.4
BG1-SS03-00  SS  Lead  mg/kg    136
BG1-SS09-00  SS  Lead  mg/kg    34.7

BGS07  SS  Lead  mg/kg    43.1
BGS22  SS  Lead  mg/kg  L 25.3
BGS28  SS  Lead  mg/kg  L 38.7

BG1-SS03-00  SS  Magnesium  mg/kg    6770
BG1-SS04-00  SS  Magnesium  mg/kg    2050
BG1-SS09-00  SS  Magnesium  mg/kg    5290

BGS34D  SS  Magnesium  mg/kg    1610
BG4-SS10-00  SS  Manganese  mg/kg    435

BGS03  SS  Manganese  mg/kg    491
BGS38  SS  Manganese  mg/kg    413

BG1-SS03-00  SS  Nickel  mg/kg  J 14.2
BG1-SS03-00  SS  Potassium  mg/kg    4560
BG1-SS04-00  SS  Potassium  mg/kg  J 1420
BG1-SS09-00  SS  Potassium  mg/kg    3510
BG2-SS06-00  SS  Potassium  mg/kg  L 1210

BGS34D  SS  Potassium  mg/kg  J 1640
BG1-SS04-00  SS  Selenium  mg/kg  J 1.5

BG1-SS05-00D  SS  Selenium  mg/kg  J 1.2
BG1-SS06-00  SS  Selenium  mg/kg  J 2.7

BG4-SS01-00D  SS  Selenium  mg/kg  L 1.4
BG4-SS10-00  SS  Selenium  mg/kg  K 1.2
BG1-SS03-00  SS  Sodium  mg/kg    21300
BG1-SS04-00  SS  Sodium  mg/kg    2610
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Table 2:  Calculated Soil Outliers (Assuming Normal Distribution)

Sample ID  Depth  Parameter  Units  Qualifier  Result
BG1-SS06-00  SS  Sodium  mg/kg    2970
BG1-SS09-00  SS  Sodium  mg/kg    20500
BG1-SS10-00  SS  Sodium  mg/kg    4140
BG1-SS03-00  SS  Vanadium  mg/kg    50.3
BG1-SS09-00  SS  Vanadium  mg/kg    41.2

BGS28  SS  Vanadium  mg/kg    34.7
BG1-SS03-00  SS  Zinc  mg/kg    113
BG1-SS08-00  SS  Zinc  mg/kg    41.2
BG1-SS09-00  SS  Zinc  mg/kg    47.8

BGS04  SS  Zinc  mg/kg    37.5
BGS28  SS  Zinc  mg/kg    48.4
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Table 3:  Summary Statistics for Soil Background Data

Soil Association Depth  Chemical Group  Parameter  Calculated 
95/95 UTL UTL Basis Number of 

Detects
Number of 
Analyses

Frequency of 
Detects

 Percent 
Detects  Units

 Minimum 
Detected 

Value

 Maximum 
Detected 

Value

  Minimum DL 
for Non-
detects

  Maximum 
DL for Non-

detects

Location of 
Maximum Detected 

Concentration

 Mean 
Value 

Detects

Standard 
Deviation 
Detects

Soil Associations 1, 2, and 3/4  SB  Total Metals  Aluminum 13000 Normal UTL 41 41 41/41 100 mg/kg 238 12600  NA  NA BG2-SB04-01 6140 3230
Soil Associations 1, 2, and 3/4  SB  Total Metals  Arsenic 5.54 Kaplan Meier UTL 17 37 17/37 46 mg/kg 0.7 6.8 0.28 2.5 BG2-SB06-01 3.38 1.57
Soil Associations 1, 2, and 3/4  SB  Total Metals  Barium 84.5 Gamma UTL 42 42 42/42 100 mg/kg 0.9 58  NA  NA BG4-SB04-01 27.1 14.6
Soil Associations 1, 2, and 3/4  SB  Total Metals  Beryllium NA Fewer than Four Detects 2 42 2/42 5 mg/kg 0.49 0.52 0.1 1.2 BGSB05-01 0.505 0.0212
Soil Associations 1, 2, and 3/4  SB  Total Metals  Calcium 2380 Lognormal UTL 40 40 40/40 100 mg/kg 56.4 1810  NA  NA BG2-SB01-01 502 487
Soil Associations 1, 2, and 3/4  SB  Total Metals  Chromium 33.7 Gamma UTL 40 41 40/41 98 mg/kg 2.4 26.4 3.5 3.5 BG2-SB02-01 10.4 6.55
Soil Associations 1, 2, and 3/4  SB  Total Metals  Cobalt 5.18 Normal UTL MLE 33 39 33/39 85 mg/kg 0.2 6 0.16 1.4 BG4-SB10-01 2.27 1.28
Soil Associations 1, 2, and 3/4  SB  Total Metals  Copper 3.17 Kaplan Meier UTL 21 39 21/39 54 mg/kg 0.71 3.2 0.43 3.9 BG4-SB01-01 1.85 0.86
Soil Associations 1, 2, and 3/4  SB  Total Metals  Cyanide NA Fewer than Four Detects 1 42 1/42 2 mg/kg 2.7 2.7 0.04 0.59 BG1-SB03-01 2.7 NA 
Soil Associations 1, 2, and 3/4  SB  Total Metals  Iron 32000 Gamma UTL 42 42 42/42 100 mg/kg 1280 30000  NA  NA BG2-SB01-01 10200 7050
Soil Associations 1, 2, and 3/4  SB  Total Metals  Lead 8.79 Normal UTL 38 38 38/38 100 mg/kg 2.6 8.3  NA  NA BG2-SB10-01 5.67 1.46
Soil Associations 1, 2, and 3/4  SB  Total Metals  Magnesium 1120 Gamma UTL 37 37 37/37 100 mg/kg 115 1350  NA  NA BG1-SB06-01 433 264
Soil Associations 1, 2, and 3/4  SB  Total Metals  Manganese 176 Gamma UTL 39 39 39/39 100 mg/kg 2.9 154  NA  NA BG4-SB09-01 47.2 39.4
Soil Associations 1, 2, and 3/4  SB  Total Metals  Mercury NA Fewer than Four Detects 2 42 2/42 5 mg/kg 0.067 0.14 0.036 0.12 BG4-SB03-01 0.104 0.0516
Soil Associations 1, 2, and 3/4  SB  Total Metals  Nickel 17.6 Gamma UTL 39 42 39/42 93 mg/kg 0.51 11 0.99 3.8 BG1-SB03-01 3.9 2.41
Soil Associations 1, 2, and 3/4  SB  Total Metals  Potassium 901 Kaplan Meier UTL 20 37 20/37 54 mg/kg 276 1190 78.8 259 BG1-SB05-01 519 274
Soil Associations 1, 2, and 3/4  SB  Total Metals  Selenium NA Fewer than Four Detects 3 39 3/39 8 mg/kg 0.26 0.64 0.57 1.8 BG4-SB10-01 0.427 0.194
Soil Associations 1, 2, and 3/4  SB  Total Metals  Silver NA Fewer than Four Detects 1 42 1/42 2 mg/kg 1.1 1.1 0.1 0.88 BGSB05-01 1.1 NA 
Soil Associations 1, 2, and 3/4  SB  Total Metals  Sodium 811 Kaplan Meier UTL 4 37 4/37 11 mg/kg 58.5 1560 135 973 BG1-SB04-01 754 778
Soil Associations 1, 2, and 3/4  SB  Total Metals  Vanadium 48.3 Gamma UTL 41 41 41/41 100 mg/kg 2.1 37.8  NA  NA BG1-SB09-01 16.2 9.84
Soil Associations 1, 2, and 3/4  SB  Total Metals  Zinc 28 Gamma UTL 34 37 34/37 92 mg/kg 4.5 20.9 2.5 4 BG1-SB02-01 10.7 4.84
Soil Associations 1, 2, and 3/4  SS  Total Metals  Aluminum 12200 Gamma UTL 72 72 72/72 100 mg/kg 235 12900  NA  NA BGS20 4780 2660
Soil Associations 1, 2, and 3/4  SS  Total Metals  Antimony NA Fewer than Four Detects 3 73 3/73 4 mg/kg 1 11 0.33 10.6 BGS35 7.07 5.33
Soil Associations 1, 2, and 3/4  SS  Total Metals  Arsenic 6.36 Lognormal UTL 54 71 54/71 76 mg/kg 0.094 6 0.23 3.1 BG1-SS09-00 1.99 1.41
Soil Associations 1, 2, and 3/4  SS  Total Metals  Barium 52.9 Normal UTL MLE 69 72 69/72 96 mg/kg 0.75 62 16.1 32.7 BGS04 23.9 12.1
Soil Associations 1, 2, and 3/4  SS  Total Metals  Beryllium 0.587 Kaplan Meier UTL 30 73 30/73 41 mg/kg 0.23 0.79 0.079 0.74 BG4-SS10-00 0.433 0.146
Soil Associations 1, 2, and 3/4  SS  Total Metals  Cadmium NA Fewer than Four Detects 3 75 3/75 4 mg/kg 1.2 1.5 0.077 1.4 BGS30 1.33 0.153
Soil Associations 1, 2, and 3/4  SS  Total Metals  Calcium 2290 Gamma UTL 68 70 68/70 97 mg/kg 45.8 2940 258 319 BGS20 643 651
Soil Associations 1, 2, and 3/4  SS  Total Metals  Chromium 18.2 Lognormal UTL 72 73 72/73 99 mg/kg 1.8 18.3 2.8 2.8 BGS34 6.96 4.02
Soil Associations 1, 2, and 3/4  SS  Total Metals  Cobalt 9.93 Gamma UTL 66 75 66/75 88 mg/kg 0.2 6.7 0.13 2.3 BG4-SS10-00 2.4 1.5
Soil Associations 1, 2, and 3/4  SS  Total Metals  Copper 4.25 Kaplan Meier UTL 50 71 50/71 70 mg/kg 0.41 5.3 0.83 3.5 BGS28 2.27 1.19
Soil Associations 1, 2, and 3/4  SS  Total Metals  Iron 19900 Nonparametric UTL 75 75 75/75 100 mg/kg 1470 20300  NA  NA BG4-SS01-00 6430 4650
Soil Associations 1, 2, and 3/4  SS  Total Metals  Lead 17.4 Normal UTL 70 70 70/70 100 mg/kg 1.1 22.7  NA  NA BGS04 10.2 3.61
Soil Associations 1, 2, and 3/4  SS  Total Metals  Magnesium 1070 Lognormal UTL 67 71 67/71 94 mg/kg 112 1200 92.1 292 BG1-SS05-00 394 278
Soil Associations 1, 2, and 3/4  SS  Total Metals  Manganese 324 Gamma UTL 72 72 72/72 100 mg/kg 6.9 340  NA  NA BGS20 96.1 81.6
Soil Associations 1, 2, and 3/4  SS  Total Metals  Mercury 0.111 Kaplan Meier UTL 7 75 7/75 9 mg/kg 0.051 0.24 0.037 0.16 BG1-SS03-00 0.119 0.0658
Soil Associations 1, 2, and 3/4  SS  Total Metals  Nickel 9.52 Normal UTL MLE 63 74 63/74 85 mg/kg 0.37 11.9 1 4.1 BGS20 4.6 2.45
Soil Associations 1, 2, and 3/4  SS  Total Metals  Potassium 708 Kaplan Meier UTL 22 70 22/70 31 mg/kg 245 911 86.8 449 BG1-SS06-00 560 201
Soil Associations 1, 2, and 3/4  SS  Total Metals  Selenium 0.51 Kaplan Meier UTL 22 70 22/70 31 mg/kg 0.27 0.69 0.22 2.2 BG2-SS02-00 0.384 0.117
Soil Associations 1, 2, and 3/4  SS  Total Metals  Silver NA Fewer than Four Detects 3 75 3/75 4 mg/kg 0.16 2.1 0.096 1.1 BGS21 1.09 0.973
Soil Associations 1, 2, and 3/4  SS  Total Metals  Sodium 521 Kaplan Meier UTL 36 70 36/70 51 mg/kg 17.4 1960 73.6 568 BG1-SS05-00 93.3 321
Soil Associations 1, 2, and 3/4  SS  Total Metals  Vanadium 27.9 Gamma UTL 72 72 72/72 100 mg/kg 2.4 29.8  NA  NA BGS27 12 6.35
Soil Associations 1, 2, and 3/4  SS  Total Metals  Zinc 26.5 Gamma UTL 70 70 70/70 100 mg/kg 3.6 30  NA  NA BG1-SS06-00 12.1 5.98



Table 4
Summary of Background Study Wells Sampled

(corresponds to maps in Appendix B)

YBKL-GW02(1)

YBKL-GW01(1)

YBKG-GW15-3(2)

YBKG-GW08A(3)

YBKG-GW14-3(2)

YBKG-GW07A(4)

YBKG-GW07(4)

YBKG-GW01(4)

YBKG-GW06A(4)

YBKG-GW12-3(2)

YBKG-GW13-3(2)

YBKG-GW03A(4)

YBKG-GW05A(4)

YBKG-GW11-3(2)

YBKG-GW10(5)

YBKG-GW15-1(2)

YBKG-GW15-2(2)

YBKG-GW14-1(2)

YBKG-GW14-2(2)

YBKG-GW01A(4)

YBKG-GW12-1(2)

YBKG-GW12-2(2)

YBKG-GW13-1(2)

YBKG-GW13-2(2)

YBKG-GW11-1(2)

YBKG-GW11-2(2)

YBKG-GW09A(5)

YBKG-GW10A(5)

(2)Installed as part of the USGS Shallow Aquifer Study of Naval Weapons Station Yorktown (Brockman et. al, 1997).

(4)Installed as part of the previous Yorktown Background Study (Baker, 1995).

(5)New well installed as part of groundwater sample collection (CH2M HILL, 2009).

Aquifer Well ID

Cornwallis Cave

Yorktown-Eastover

(1)Installed as part of the previous CAX Background Study (Baker, 2003).  

(3)Installed as part of the previous Yorktown Background Study (Baker, 1995).  Note:  This well replaces USGS well 58G58 
(N4) - the intended sampling location; however, the field crew discovered that USGS well had been destroyed by past 
vehicular activity.
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Table 5:  Calculated Groundwater Outliers (Assuming Normal Distribution)

Sample ID  Parameter Units Qualifier Result
YBKG-GW01A-YE-0809  Aluminum  ug/L  K 30700
YBKG-GW05A-CC-0809  Aluminum  ug/L  K 2080
YBKG-GW07-CC-0809  Aluminum  ug/L    8140
YBKG-GW10-CC-0809  Aluminum  ug/L  K 2650

YBKG-GW15P-3-CC-0809  Aluminum  ug/L    1720
YBKG-GW01A-YE-0809  Aluminum, Dissolved  ug/L  K 869
YBKG-GW01A-YE-0809  Arsenic  ug/L    15.4
YBKG-GW05A-CC-0809  Arsenic  ug/L    2.5
YBKG-GW07-CC-0809  Arsenic  ug/L    8.9

YBKG-GW08A-CC-0809  Arsenic  ug/L    4.3
YBKG-GW09A-YE-0809  Arsenic  ug/L    7.8
YBKG-GW08A-CC-0809  Arsenic, Dissolved  ug/L    2.5
YBKG-GW09A-YE-0809  Arsenic, Dissolved  ug/L    6.2
YBKG-GW15-1-YE-0809  Arsenic, Dissolved  ug/L  J 1.6
YBKG-GW01A-YE-0809  Barium  ug/L  J 178
YBKG-GW07A-CC-0809  Barium  ug/L    231
YBKG-GW01A-YE-0809  Chloroform  ug/L    3.8
YBKG-GW01A-YE-0809  Chromium  ug/L    96.8
YBKG-GW01P-CC-0809  Chromium  ug/L    103
YBKG-GW06A-CC-0809  Chromium  ug/L    22.3
YBKG-GW07-CC-0809  Chromium  ug/L    35.1
YBKG-GW09A-YE-0809  Chromium  ug/L    23.5
YBKG-GW09A-YE-0809  Chromium, Dissolved  ug/L    27.8
YBKG-GW14-1-YE-0809  Copper  ug/L    117
YBKG-GW01A-YE-0809  Iron  ug/L  K 62100
YBKG-GW05A-CC-0809  Iron  ug/L  K 4950
YBKG-GW07-CC-0809  Iron  ug/L    20100
YBKG-GW10-CC-0809  Iron  ug/L  K 5870
YBKG-GW01A-YE-0809  Iron, Dissolved  ug/L  K 1670
YBKG-GW03A-CC-0809  Iron, Dissolved  ug/L  K 1510
YBKG-GW13-3-CC-0809  Iron, Dissolved  ug/L  K 899
YBKG-GW14-3-CC-0809  Iron, Dissolved  ug/L    468
YBKG-GW11-1-YE-0809  Magnesium, Dissolved  ug/L    8380
YBKG-GW12-1-YE-0809  Magnesium, Dissolved  ug/L    6700

YBKG-GW14P-1-YE-0809  Magnesium, Dissolved  ug/L    6900
YBKG-GW15-1-YE-0809  Magnesium, Dissolved  ug/L    7870
YBKG-GW01A-YE-0809  Manganese  ug/L    279
YBKG-GW07-CC-0809  Manganese  ug/L    104
YBKG-GW10-CC-0809  Manganese  ug/L    126

YBKG-GW15-2-YE-0809  Manganese  ug/L    77.2
YBKG-GW10-CC-0809  Manganese, Dissolved  ug/L    77.2

YBKG-GW15-2-YE-0809  Manganese, Dissolved  ug/L    79.7
YBKG-GW13-2-YE-0809  Mercury, Dissolved  ug/L  L 0.14
YBKG-GW01A-YE-0809  Nickel  ug/L    43.9
YBKG-GW01P-CC-0809  Nickel  ug/L    45.6
YBKG-GW07A-CC-0809  Potassium  ug/L    19000
YBKG-GW10A-YE-0809  Potassium  ug/L    18200
YBKG-GW07A-CC-0809  Potassium, Dissolved  ug/L    17800
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Table 5:  Calculated Groundwater Outliers (Assuming Normal Distribution)

Sample ID  Parameter Units Qualifier Result
YBKG-GW10A-YE-0809  Potassium, Dissolved  ug/L    19100
YBKG-GW15-1-YE-0809  Sodium  ug/L    84200
YBKG-GW15-1-YE-0809  Sodium, Dissolved  ug/L    85100
YBKG-GW01A-YE-0809  Vanadium  ug/L    83.9
YBKG-GW01A-YE-0809  Zinc  ug/L    146
YBKG-GW07-CC-0809  Zinc  ug/L    37.2

YBKG-GW07A-CC-0809  Zinc  ug/L    34
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Table 6:  Summary Statistics for Groundwater Background Data

 Chemical Group Aquifer  Parameter  Calculated 
95/95 UTL UTL Basis Number of 

Detects
Number of 
Analyses

Frequency of 
Detects

 Percent 
Detects  Units

 Minimum 
Detected 

Value

Maximum 
Detected 

Value

  Minimum DL 
for Non-
detects

  Maximum 
DL for Non-

detects

Location of Maximum 
Detected 

Concentration

 Mean 
Value 

Detects

Standard 
Deviation 
Detects

 Dissolved Metals CC-YE  Aluminum, Dissolved NA Fewer than Four Detects 3 25  3/25 12  ug/L 82.4 100 200 200 YBKG-GW15-3-CC 98.8 4.31
 Dissolved Metals CC-YE  Antimony, Dissolved  NA Fewer than Four Detects 1 26  1/26 4  ug/L 9.7 9.7 0.25 20 YBKG-GW07A-CC 1.95 3.49
 Dissolved Metals CC-YE  Arsenic, Dissolved 1.37  HW Approx. Gamma UTL 23 23  23/23 100  ug/L 0.27 1.3  NA  NA YBKG-GW06A-CC 0.588 0.268
 Dissolved Metals CC-YE  Barium, Dissolved 127  HW Approx. Gamma UTL 26 26  26/26 100  ug/L 16.3 101  NA  NA YBKG-GW07A-CC 49.4 26.1
 Dissolved Metals CC-YE  Cadmium, Dissolved 0.177  Kaplan Meier UTL 6 26  6/26 23  ug/L 0.15 0.17 2 2 YBKG-GW15-1-YE 0.807 0.36
 Dissolved Metals CC-YE  Chromium, Dissolved 6.04  Kaplan Meier UTL 8 25  8/25 32  ug/L 0.9 5.8 10 10 YBKG-GW05A-CC 4.17 1.54
 Dissolved Metals CC-YE  Cobalt, Dissolved  NA Fewer than Four Detects 1 26  1/26 4  ug/L 0.7 0.7 50 50 YBKG-GW11-3-CC 24.1 4.77
 Dissolved Metals CC-YE  Copper, Dissolved  NA Fewer than Four Detects 1 26  1/26 4  ug/L 3 3 25 25 YBKG-GW14-1-YE 12.1 1.86
 Dissolved Metals CC-YE  Lead, Dissolved  NA Fewer than Four Detects 1 26  1/26 4  ug/L 1.7 1.7 1.6 10 YBKG-GW10A-YE 3.97 1.73
 Dissolved Metals CC-YE  Manganese, Dissolved 49.5  Normal UTL MLE 21 24  21/24 88  ug/L 1.7 44.8 1.4 15 YBKG-GW13-3-CC 17.5 12.7
 Dissolved Metals CC-YE  Mercury, Dissolved NA Fewer than Four Detects 2 25  2/25 8  ug/L 0.072 0.1 0.2 0.2 YBKG-GW13-1-YE 0.0989 0.0056
 Dissolved Metals CC-YE  Nickel, Dissolved  NA Fewer than Four Detects 1 26  1/26 4  ug/L 12.2 12.2 40 40 YBKG-GW01-CC 19.7 1.53
 Dissolved Metals CC-YE  Selenium, Dissolved NA Fewer than Four Detects 2 26  2/26 8  ug/L 7.7 9.1 35 35 YBKG-GW14-1-YE 16.8 2.48
 Dissolved Metals CC-YE  Vanadium, Dissolved NA Fewer than Four Detects 2 26  2/26 8  ug/L 2.5 4.3 50 50 YBKG-GW09A-YE 23.3 5.88
 Dissolved Metals  CC  Calcium, Dissolved 148000  Normal UTL 13 13  13/13 100  ug/L 36500 123000  NA  NA YBKG-GW07-CC 86800 23000
 Dissolved Metals  YE  Calcium, Dissolved 113000  Normal UTL 13 13  13/13 100  ug/L 26100 93800  NA  NA YBKG-GW14-2-YE 58500 20400
 Dissolved Metals  CC  Iron, Dissolved 631  Normal UTL 7 11  7/11 64  ug/L 118 468 200 200 YBKG-GW14-3-CC 248 120
 Dissolved Metals  YE  Iron, Dissolved 275  Kaplan Meier UTL 6 12  6/12 50  ug/L 31.6 234 200 200 YBKG-GW15-2-YE 110 80.3
 Dissolved Metals  CC  Magnesium, Dissolved 3880  Normal UTL 13 13  13/13 100  ug/L 729 3460  NA  NA YBKG-GW10-CC 1790 781
 Dissolved Metals  YE  Magnesium, Dissolved 11200  Normal UTL 12 13  12/13 92  ug/L 1280 8380 438 438 YBKG-GW11-1-YE 4400 2510
 Dissolved Metals  CC  Potassium, Dissolved 1710  Normal UTL 11 11  11/11 100  ug/L 775 1450  NA  NA YBKG-GW03A-CC 1090 219
 Dissolved Metals  YE  Potassium, Dissolved 12600  Normal UTL 12 12  12/12 100  ug/L 1140 9360  NA  NA YBKG-GW15-1-YE 4430 2970
 Dissolved Metals  CC  Sodium, Dissolved 10000  Normal UTL 10 10  10/10 100  ug/L 4610 8350  NA  NA YBKG-GW13-3-CC 6160 1330
 Dissolved Metals  YE  Sodium, Dissolved 62800  Normal UTL 12 12  12/12 100  ug/L 5240 51100  NA  NA YBKG-GW12-1-YE 20800 15400

 Total Metals CC-YE  Aluminum 2230  HW Approx. Gamma UTL 1/2 DL 15 21  15/21 71  ug/L 94 1640 200 200 YBKG-GW09A-YE 314 381
 Total Metals CC-YE  Antimony  NA Fewer than Four Detects 1 26  1/26 4  ug/L 18.8 18.8 0.28 20 YBKG-GW07A-CC 2.05 4.28
 Total Metals CC-YE  Arsenic 2.28  HW Approx. Gamma UTL 21 21  21/21 100  ug/L 0.31 1.9  NA  NA YBKG-GW10-CC 0.817 0.467
 Total Metals CC-YE  Barium 118  HW Approx. Gamma UTL 24 24  24/24 100  ug/L 21.5 104  NA  NA YBKG-GW11-1-YE 50.9 23.8
 Total Metals CC-YE  Beryllium 2.45  Kaplan Meier UTL 6 26  6/26 23  ug/L 0.23 2.4 5 5 YBKG-GW01A-YE 2.08 0.878
 Total Metals CC-YE  Cadmium 0.605  Kaplan Meier UTL 11 26  11/26 42  ug/L 0.15 0.72 2 2 YBKG-GW01A-YE 0.683 0.392
 Total Metals CC-YE  Chromium 15.1  Kaplan Meier UTL 11 21  11/21 52  ug/L 0.9 14 1.2 10 YBKG-GW05A-CC 5.22 4.01
 Total Metals CC-YE  Cobalt 20.6  Kaplan Meier UTL 4 26  4/26 15  ug/L 0.73 16.9 50 50 YBKG-GW01A-YE 22 7.69
 Total Metals CC-YE  Copper NA Fewer than Four Detects 3 25  3/25 12  ug/L 1.9 12.2 1.9 40.2 YBKG-GW12-3-CC 10.3 4.76
 Total Metals CC-YE  Lead NA Fewer than Four Detects 2 26  2/26 8  ug/L 0.51 21.3 1.6 10 YBKG-GW01A-YE 3.24 4.05
 Total Metals CC-YE  Manganese 57.9  Normal UTL MLE 19 22  19/22 86  ug/L 13.4 57 2.4 15.5 YBKG-GW08A-CC 26.5 13.9
 Total Metals CC-YE  Mercury NA Fewer than Four Detects 2 26  2/26 8  ug/L 0.078 0.081 0.2 0.2 YBKG-GW11-1-YE 0.0984 0.00559
 Total Metals CC-YE  Nickel 11.4  Kaplan Meier UTL 8 24  8/24 33  ug/L 2.2 9.9 40 40 YBKG-GW06A-CC 14.9 7.58
 Total Metals CC-YE  Vanadium 26.2  Kaplan Meier UTL 11 25  11/25 44  ug/L 1.2 32.4 50 50 YBKG-GW07-CC 16.9 11
 Total Metals CC-YE  Zinc 4.52  Kaplan Meier UTL 7 23  7/23 30  ug/L 2.4 4.3 2.8 19.3 YBKG-GW11-2-YE 3.86 2.32
 Total Metals  CC  Calcium 158000  Normal UTL 12 12  12/12 100  ug/L 34400 124000  NA  NA YBKG-GW15-3-CC 92200 24000
 Total Metals  YE  Calcium 169000  Gamma UTL  13 13  13/13 100  ug/L 35400 146000  NA  NA YBKG-GW01A-YE 66600 30700
 Total Metals  CC  Iron 3590  Normal UTL 10 10  10/10 100  ug/L 198 2880  NA  NA YBKG-GW08A-CC 1230 809
 Total Metals  YE  Iron 894  Normal UTL 10 10  10/10 100  ug/L 114 753  NA  NA YBKG-GW13-1-YE 340 190
 Total Metals  CC  Magnesium 3600  Normal UTL 11 11  11/11 100  ug/L 709 3240  NA  NA YBKG-GW07A-CC 1750 655
 Total Metals  YE  Magnesium 11500  Normal UTL 13 13  13/13 100  ug/L 963 8770  NA  NA YBKG-GW11-1-YE 4620 2560
 Total Metals  CC  Potassium 3490  Gamma UTL  12 12  12/12 100  ug/L 880 3100  NA  NA YBKG-GW07-CC 1510 607
 Total Metals  YE  Potassium 12700  Normal UTL 12 12  12/12 100  ug/L 1570 9260  NA  NA YBKG-GW15-1-YE 4820 2870
 Total Metals  CC  Sodium 9920  Normal UTL 10 10  10/10 100  ug/L 4630 8290  NA  NA YBKG-GW13-3-CC 6200 1280
 Total Metals  YE  Sodium 64500  Normal UTL 12 12  12/12 100  ug/L 5740 52600  NA  NA YBKG-GW12-1-YE 21000 15900
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Figure 2:  Probability Plots for Groundwater Data 
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Appendix A 
Previous WPNSTA Yorktown and CAX 

Background Investigations Sample Locations 
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Appendix B 
2009 Groundwater Sample Locations 
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Navy’s Response to EPA’s Comments on Draft TM  



 CH2M HILL 

5700 Cleveland Street, Suite 101 

Virginia Beach, VA 23462 

Tel 757.518.9666 

 
 

  
 
 
June 30, 2010 
 
358549.RP.FR 
 
Mr. Robert Thomson, P.E., R.E.M. 
Office of Federal Facility Remediation 
United States Environmental Protection Agency (EPA), Region 3 
1650 Arch Street 
Philadelphia, PA 19103-2029 
 
Subject: Response to USEPA Comments:  Draft Technical Memorandum, Calculation of 
Background Concentrations Technical Memorandum at Naval Weapons Station Yorktown and 
Cheatham Annex, Naval Weapons Station Yorktown (WPNSTA), Yorktown, VA and Cheatham 
Annex (CAX), Williamsburg, VA 
 
Dear Mr. Thomson: 

This letter is in response to comments received on May 5, 2010 regarding the referenced 
draft document.  Each comment is presented in italics, followed by the Navy’s response.  The 
order of the comments and responses, as provided by USEPA, has been modified slightly to 
allow for the most broad-reaching issues to be addressed first. 

Comments and Responses: 
 
• Concentrations for the selected COCs in the two background areas: CAX and NWSY are 

significantly different. Therefore, separate background level concentrations should be 
computed for the two background areas. 

 
Response: Although USEPA’s analysis indicates a statistical difference between the soils at 
Yorktown and CAX, it should be noted that these facilities are immediately adjacent to each 
other, are part of the same watershed and have undergone the same environmental genesis (i.e., 
hydrology, erosion, deposition).  The bases consist of identical soil types as presented in the Soil 
Conservation Survey for York County.  Some of the statistical differences may, in part, be a 
result of slightly different depths at which the samples were collected at each base.  However, the 
Navy believes that in order to best support the decision making process, a wider range of data 
should be considered in the data set.  The data set should not be determined solely on the 
statistical fit of the data. USEPA agreed to the approach presented in the work plan to combine 
the data sets based on the physical setting of the bases.  The amount of data, particularly for the 
groundwater dataset at Cheatham Annex, is insufficient to separate the sets.  Additional data 
collection would unnecessarily delay site decisions and is currently not funded.  Therefore, the 
Navy believes that the sample data should be combined.   
 
Further information on the soils, geology, and hydrology of the two bases may be found in the 
following publications: 
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Thomas, P. and Harper, D., Soil Survey of Tidewater Cities Area, Virginia. U.S. Department of 
Agriculture, Natural Resources Conservation Service. 2008. 
 
Brockman, A., Nelms, D. and others. Geohydrology of the Shallow Aquifer System, Naval 
Weapons Station Yorktown, Yorktown, Virginia. U.S. Geological Survey Water-Resources 
Investigations Report 97-4188. 1997. 
 
• For most of the COCs evaluated in this report, significant differences were found in 

contaminant concentrations of surface and subsurface soils (for both CAX and NWSY), 
therefore, it is suggested to compute 95/95 UTLs separately for surface and subsurface soils. 

 
Response: Calculating separate UTLs for surface and subsurface soils is acceptable to the Navy.  
The background UTLs in the draft final document will be updated accordingly. 
 
• The concentrations of the selected metals found in the four soil associations of CAX area (for 

both surface and subsurface individually) are comparable.  Therefore, four surface (and 
subsurface) soil associations can be considered to represent a single surface (and 
subsurface) population for CAX area. Background concentrations (95/95 UTLs) can be 
computed based upon the combined surface soil data set, and combined subsurface soil data 
set. A similar conclusion is derived for the four soil associations of NWSY area. 
 
This is contrary to the CH2M Report which states that only soil associations 3 and 4 could be 
combined. 

 
Response: The Navy agrees to combine all soil associations for the purpose of UTL calculation.   
 
• As mentioned before, it is not possible to compute a reliable decision statistic (e.g., 

95/95UTL) based upon data sets consisting mostly of non-detect results (e.g., mercury and 
nitrobenzene in groundwater). EPA recommends that background concentrations calculated 
with a large number of non-detects be eliminated given the high uncertainty. Mercury maybe 
an exception as discussed above, based upon input from the project team. 

 
Response: It is agreed that UTL calculations will not be completed for constituents for which 
data sets consist of a large number of non-detects.   
 
• Overall, 95/95 UTL computations made by CH2M HILL appear to be correct except in cases 

when the majority of data are non-detects. 
 
Response: Comment noted.  Please see the previous response of proposed use of data with a 
majority of non-detects.   
 
• Since some errors were identified in the calculations performed, it is suggested that CH2M 

HILL double check its calculations to assure that all statistics are correctly computed. 
 
Response: The Navy is aware that one soil sample (BGSB04-09) may have been grouped within 
the wrong soil type.  Following final resolution of sample groups, the statistics will be 
recalculated, but the incorrect grouping based on soils types will not have an impact on the final 
statistics.  If there were any additional errors which were identified which would impact the new 
calculations, the Navy would appreciate the USEPA’s help in identifying these.   
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• In some cases as identified in this report, it is noted that CH2M HILL included outliers in 
their computations resulting in inflating values of UTLs. These outlier concentrations may 
have come from areas that have potentially been impacted by site operations. Elevated 
observations (outliers) from these areas may represent releases. Therefore, outliers should 
not be included in the computation of 95/95UTLs.  

 
Response: The intended approach during development of UTLs was to complete calculations 
without using outliers.  There were probably some discrepancies in the outliers identified based 
on the grouping of soil associations in the USEPA calculations compared to the original Navy 
calculations.  Any outliers will be excluded during the recalculations.   
 
• Groundwater, surface, and subsurface soil background data were collected from CAX and 

NWSY sites. These sites consist of four soil association types. For some locations, duplicate 
samples were collected. In such cases, higher value was retained and used in the statistical 
analyses performed by CH2M HILL to establish background level concentrations. For 
comparison sake, the reviewers also used the higher duplicate value, even though the use of 
the average of duplicates is a preferred method and is commonly used in practice.  
 
However, for background evaluation studies, the use of the lower value of the duplicate 
results perhaps will be more appropriate resulting in a conservative estimate (95/95UTL) of 
the background level concentration. 
 

Response:  The Navy does not agree that use of the lower value of a pair of background 
duplicate samples is appropriate.  During the comparison of site data to screening levels 
(e.g., RSLs, MCLs and background UTLs), the higher of the two site values is required in the 
comparison which reflects a more conservative measure.  However, selecting the lower (and 
more conservative) duplicate value in the background data set will result in comparison of a 
conservatively high site value with a conservatively low background value.  This may lead 
to unnecessary concerns of a release or clean up values below levels actually representative 
of background.  The Navy requests the inclusion of the maximum duplicate number into the 
background data set for the purpose of UTL calculation. 

 
• When reviewing the CH2M HILL report, some discrepancies were identified.  For an example 

location BGSB04-09 (353) represents an outlier for manganese (also found in the CH2M HILL 
report) for soil association 3 and not from soil association 1 (incorrectly included in calculations 
for soil association type 1.  It appears this outlier has been incorrectly included in the calculation 
of manganese UTL of 244.8 for soil association 1. 

 
Response: Background calculations will be reevaluated and checked following agreement 
on the grouping of the data sets.  After data partitioning decisions are completed, it will be 
determined if this result remains an outlier and the data may be excluded from the UTL 
calculation, as appropriate.   

• “However, it is the recommendation of EPA that organic background concentrations be 
eliminated given the high uncertainty surrounding the calculations involving a large number of 
nondetects.” 
 

Response: The Navy agrees that a high degree of variability may exist with organic 
background concentrations and UTLs for these compounds will not be included in the 
revised calculations.   
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If you have any questions or comments regarding the above response to comments, please 
feel free to contact me at 757-873-1442, x41634. 

Sincerely, 
 
CH2M HILL 

 
 
 

Marlene Ivester 
Project Manager 
 
cc:   Mr. Chris Murray/NAVFAC Mid-Atlantic 
 Mr. Tom Kowalski/NAVFAC Mid-Atlantic 
 Ms. Sue Haug/USEPA 
 Mr. Wade Smith/VDEQ 
 Mr. Bill Friedmann/CH2M HILL 
 Ms. Laura Cook/CH2M HILL 
 Ms. Stephanie Sawyer/CH2M HILL 
 Mr. Adam Forshey/CH2M HILL 
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Navy’s Response to EPA’s Review 



WPNSTA and CAX Background Study

Review of Latest EPA Comments andReview of Latest EPA Comments and 
Team Consensus on Path Forward

August 2010August 2010 



Presentation Purpose 

Review EPA’s 8/5/10 response to the Navy’sReview EPA s 8/5/10 response to the Navy s 
6/30/10 RTC letter

Discuss the appropriateness of combining 
th CAX d Y kt d t tthe CAX and Yorktown data sets

Team consensus on path forward for CAX 
background (BG) values
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Review of EPA’s 8/05/10 Response

EPA Comment 1:

“Based upon rigorous statistical evaluations, it was concluded that concentrations of the COCs 
in CAX and NWSY base areas are significantly different. The EPA did not, as the Navy's 

response contends agree to ultimately combine the data sets without first evaluating theresponse contends, agree to ultimately combine the data sets without first evaluating the 
appropriateness of doing so. Statistically, the data sets are different. Thus, any rationale for 

combining the data sets has not been clearly presented by the Navy. For evaluating the 
appropriateness of combining said data sets outside the realm of statistics, it is 

recommended that a sensitivity analysis be performed to determine the degree of variationrecommended that a sensitivity analysis be performed to determine the degree of variation 
between data sets. For such a comparison, EPA recommends using the old Yorktown 

inorganic background data set, the new Yorktown inorganic background data set, and the 
new/existing Cheatham Annex inorganic background data set (even though it is small). 

Comparison of inorganic background concentrations between the three data sets should beComparison of inorganic background concentrations between the three data sets should be 
illustrated for discussion with the EPA. We are looking for the range of variability between 

the data sets.”
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Review of EPA’s 8/05/10 Response continued

Navy Response:

The EPA’s 5/5/10 comments on the BG Study calculations technical memorandum provided 
examples of how the variability differed between the Yorktown and Cheatham Annex data 
sets. CH2M HILL’s analysis of variance (ANOVA) indicated there were statisticalsets. CH2M HILL s analysis of variance (ANOVA) indicated there were statistical 
differences. Therefore, performing a sensitivity analysis would simply reiterate this 
statistical finding and would not advance the discussion.  The Navy contends that the 
statistical difference between the data sets should not preclude them from being 
combined. To view the combination of these data from strictly a statistical standpoint iscombined. To view the combination of these data from strictly a statistical standpoint is 
academic and not practical for real world application, as non-statistical conditions, such as 
the environmental genesis (deposition, erosion, etc.) of both bases, are important and 
should be considered as well.  

The next several slides that follow discuss why it is appropriate to combine the data sets.
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Appropriateness to Combine the Data Sets

Provides CAX with a more robust, useful BG set

Example 1 - Inorganics in Surface Soil:

Constituent*

CAX UCLs/MAX BG
(mg/kg)

WPNSTA UCLs/MAX BG
(mg/kg)

EPA Vegas
95/95 UTL**

(mg/kg)

S il A S il A S il A S il A S il A S il A S il A S il ASoil Assoc 
1

Soil Assoc 
2

Soil Assoc 
3

Soil Assoc 
4

Soil Assoc 
1

Soil Assoc
2

Soil Assoc 
3

Soil Assoc 
4 CAX WPNSTA

Arsenic 1.75/9.9 1.75/4.1 1.17/1.7J 4.48/12.6 2.82/3.4 2.92/4.2 2.71/5.8 17.66/63.9 4.501 4.528

Lead 9.41/136 9.41/11 10.32/12.2 12/16 18.98/22.7 11.81/16.5 20.40/43.1 20.08/38.7L 15.78 18.34/ / / / / / / /

Manganese 164/257 164/257 163/278 209/435 242.17/298 208.38/413 262.89/340 190.53/491 332 403.6

Vanadium 10.19/50.3 10.19/15.2 12.42/22.1 13.14/26.1 19.38/21.2 16.35/20.8 19.39/27.8 22.69/34.7 27.38 32.66

Inorganic Data Qualifier Definition:

5*USEPA Vegas studied these constituents in their report on the draft Background Calculation of Background Concentrations Technical 
Memorandum, as provided in USEPA’s May 5, 2010 comment letter.
**Without Outliers

J = The associated value is an estimated quantity.
L= The analyte is present.  The reported values may be biased low.  The actual value is expected to be higher than reported.



Appropriateness to Combine the Data Sets, 
continuedcontinued

Example 2 - Inorganics in Subsurface Soil:

Constituent*

CAX UCLs/MAX BG
(mg/kg)

WPNSTA UCLs/MAX BG
(mg/kg)

EPA Vegas
95/95 UTL**

(mg/kg)

Soil Assoc 
1

Soil Assoc 
2

Soil Assoc 
3

Soil Assoc 
4

Combined
(no per Soil Assoc values) CAX WPNSTA

Arsenic 6.66/12.5 7.20/15.9 0.99/2.1 8.00/18.6 13.41/42.7 5.323 19.64

Lead 33/83.7 7.59/8.3 5.89/6.7 6.80/8.1 15.66/25.5L 8.831 29.89Lead 33/83.7 7.59/8.3 5.89/6.7 6.80/8.1 15.66/25.5L 8.831 29.89

Manganese 39/86.2 99/135 81/208 116/195 582.51/2940 172.5 325

Vanadium 27/53.8 27.36/33.2 2.39/36 25.2/35.1 36.59/70.3L 38.94 87.01

Inorganic Data Qualifier Definition:
J = The associated value is an estimated quantity.
L= The analyte is present.  The reported values may be biased low.  The actual value is expected to be higher than reported.

6
*USEPA Vegas studied these constituents in their report on the draft Background Calculation of Background Concentrations Technical 
Memorandum, as provided in USEPA’s May 5, 2010 comment letter.
**Without Outliers



Appropriateness to Combine the Data Sets, 
continuedcontinued

From a geologic, hydrologic, and geomorphologic perspective, 
the soils of Yorktown and CAX are the same and it isthe soils of Yorktown and CAX are the same, and it is 
appropriate to combine the data.

♦ The bases are adjacent♦ The bases are adjacent.

♦ Both bases derived from the same geomorphologic and geologic 
processes and are part of the same physiographic provinceprocesses and are part of the same physiographic province.

♦ Both have the same soil associations and underlying aquifers.
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WPNSTA and CAX are Adjacent to Each Other



WPNSTA and CAX have the same Geomorphology

(Excerpt from: U.S. Geological Survey, Clay Bank Quadrangle, VA)



WPNSTA and CAX have the same Geology

CAX and WPNSTA
General Location

[Source:  Virginia Department of Mines, Minerals, and Energy website. (http://www.dmme.virginia.gov)
Available 8/17/10:  http://www.dmme.virginia.gov/DMR3/dmrpdfs/VA%20geol%20map.pdf ]



WPNSTA and CAX are within the same 
Physiographic ProvincePhysiographic Province

CAX (approx. boundary)

(Source:  Smith, Barry S. 2001.  Groundwater Flow in the Shallow Aquifer System at the Naval Weapons Station Yorktown, Virginia. U.S. Geological Survey, 
Water-Resources Investigations Report 00-4077.)



WPNSTA and CAX have the same General Soils

CAX (approx. boundary)

WPNSTA (approx. boundary)

(Source:  U.S. Department of Agriculture, Soil Conservation Service.  1985.  Soil Survey of James City and York Counties and the City of Williamsburg Virginia. 
April.)



Appropriateness to Combine the Data Sets, 
continuedcontinued

The approved background study work plan detailed the 
combination of the two data sets. The Navy was aware the EPA 
wanted to evaluate the data before agreeing on the calculation 
method (i.e., ProUCL vs. another method), however, was 
unaware that combining the data sets was in question.

Separating the sets would require additional sample collection at 
CAX in order to calculate 95/95 UTLs.  This would be a 
significant delay in the CAX Team schedule and goals and 
impacts the Draft SIs for 8 CAX sites.  The current background 
study has been over 3 years in duration.    

Overall, background is one tool used to evaluate site data.  
Using the combined 95/95 UTLs does not mean a site that g /
should be evaluated further will be eliminated.  However, using 
CAX’s current BG set does mean that a site or specific 
compounds could unnecessarily be elevated to an RI.
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Review of EPA’s 8/05/10 Response continued

EPA Comment #2:

“For site versus background comparisons, typically the higher duplicate site value is compared 
with background statistics or some other screening level. For the  computation of 

background statistics the use of the higher duplicate value may yield inflated values ofbackground statistics, the use of the higher duplicate value may yield inflated values of 
background statistics (e.g., 95/95UTLs). This is especially true when the difference 
between the duplicate values is large. It is suggested again that the Navy use an 

appropriate duplicate value (e.g., average or lower) to compute background statistics. If 
the use of the lower duplicate value is not acceptable the Navy may just use thethe use of the lower duplicate value is not acceptable, the Navy may just use the 

commonly used average value.”
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Review of EPA’s 8/05/10 Response continued

Navy Response:

The Navy disagrees that using the lower or average value is an 
appropriate comparison, and that maximum BG concentrations should be 
used.
• BG sample locations were selected based on a review of past activities at the 

base and represent areas not impacted by CERCLA releases.
• By not including all of the duplicate values is statistical bias and not 

representative of the background conditions.  Lower duplicate values are 
being requested for BG, and higher duplicate values for the site. 

• Duplicate values represent the natural variability of that constituent over a• Duplicate values represent the natural variability of that constituent over a 
short distance.

• Mathematical outliers were excluded from the BG data set.
• Lower or average values for duplicate samples may require furtherLower or average values for duplicate samples may require further 

investigation and remediation of non-CERCLA related releases.
15



Team Consensus on Path Forward

Does each Team member agree it is appropriate to 
bi th CAX d WPNSTA d t t ?combine the CAX and WPNSTA data sets?

Does each Team member agree with using theDoes each Team member agree with using the 
higher (or maximum) duplicate value for computing 
the 95/95 UTLs?

Following Team consensus on the CAX BG values to 
use they will be presented in a BG study reportuse, they will be presented in a BG study report.
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Questions or Comments?Q

Please contact:

Chris Murray
christopher.r.murray@navy.mil

(757) 341-0485
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Team Agreement for Final TM 






